The interdependence between the pelvis and the sagittal spinal curvatures is obvious. The leading part of the pelvic sagittal anatomy in this orientation was well established by Duval-Beaupe`re thanks to the description of the angle 'Pelvic Incidence' (PI) [14] . It is the angle between the line perpendicular to the superior plate of the first sacral vertebra (S1) at its midpoint and the line connecting this point to the middle axis of the femoral heads. It is own for every individual and independent of the position of pelvis. A strict relation was described between this anatomical parameter and the sagittal tilt of the superior plate of the sacrum, and between this sacral tilt and the amount of lumbar lordosis. So the pelvic morphology modulates the sagittal spinal alignment. During and Itoi [1, 7] described also these relations using an angle complementary of the incidence. As well Jackson observed this relation between the pelvic morphology, the sacral inclination and the lumbar curvature. He expressed the pelvic sagittal shape by the 'Pelvic Lordosis' (PR-S1) [8] [9] [10] [11] [12] . The measurement of these angles is easy in most of the cases. Their reliability and their reproducibility were established. Each author agrees to use as femoral axis the middle point of the line connecting the centers of the two femoral heads.
Introduction
The interdependence between the pelvis and the sagittal spinal curvatures is obvious. The leading part of the pelvic sagittal anatomy in this orientation was well established by Duval-Beaupe`re thanks to the description of the angle 'Pelvic Incidence' (PI) [14] . It is the angle between the line perpendicular to the superior plate of the first sacral vertebra (S1) at its midpoint and the line connecting this point to the middle axis of the femoral heads. It is own for every individual and independent of the position of pelvis. A strict relation was described between this anatomical parameter and the sagittal tilt of the superior plate of the sacrum, and between this sacral tilt and the amount of lumbar lordosis. So the pelvic morphology modulates the sagittal spinal alignment. During and Itoi [1, 7] described also these relations using an angle complementary of the incidence. As well Jackson observed this relation between the pelvic morphology, the sacral inclination and the lumbar curvature. He expressed the pelvic sagittal shape by the 'Pelvic Lordosis' (PR-S1) [8] [9] [10] [11] [12] . The measurement of these angles is easy in most of the cases. Their reliability and their reproducibility were established. Each author agrees to use as femoral axis the middle point of the line connecting the centers of the two femoral heads.
However, the exact assessment of the upper plate of the sacrum (and consequently the values of the anatomical
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The femoro-sacral posterior angle: an anatomical sagittal pelvic parameter usable with dome-shaped sacrum Abstract The sagittal pelvic morphology modulates the individual alignment of the spine. Anatomical angular parameters were described as follows: the 'Pelvic Incidence' (PI) and the Jackson's angle 'Pelvic Lordosis' (PR-S1). Significant chains of relationships were expressed connecting these angles with pelvic and spinal positional parameters. This allows an individual assessment of the harmony of the sagittal spinal balance. But in case of spondylolysis with high-grade listhesis, the upper plate of the sacrum shows a domeshaped deformity. The previous anatomical parameters are therefore imprecise. Indeed, the anterior part of the sacrum being inaccurate, an exact assessment of these angles becomes impossible. Therefore, we propose a new angular parameter named 'Femoro-Sacral Posterior and positional pelvic parameters using it) necessitates a precise visualization of its two extremities. The posterior part of this sacral plate is always very definite. On the other hand, the anterior part of the sacral endplate is imprecise when there is a deformity in the dome, characteristic of the spondylolysis with anterior slip of the fifth lumbar vertebra. The upper sacral plate looks convex and blunted. The exact appraisal of the tilt of the sacral plate and of its anterior extremity is then imprecise (Fig. 1) . Such an inaccuracy occurs also in degenerative pathologies. But for these cases precisely, the sagittal alignment of the spine is of first clinical interest for the prognosis of worsening and so for the treatment.
Therefore, we suggest here a new angular morphologic pelvic parameter, named 'Femoro-Sacral Posterior Angle' (FSPA), using the posterior wall of the first sacral vertebra. This parameter was put in relationship with the already described parameters to demonstrate its reliability for the evaluation of the sagittal spinal balance.
Material and methods
The angular parameters were measured on lateral radiographs (including the femoral heads, the pelvis and the lumbar column) in standing position, with the arms lying on a support.
The data of two population groups were analyzed. The first group comprised a normal population of 145 voluntary subjects free of vertebral disease. There were 73 women and 72 men, with a mean age of 40.7 years (SD 18.7, range 15-76 years). These 145 subjects constituted the control group for measuring the relationship between these parameters in the normal population. They consisted of voluntary medical, nurse or physical therapy students or patients X-rayed for an other pathology than vertebral, mostly for urinary tract exploration. The second group comprised 35 spondylolysis cases, with minor listhesis (Meyerling's stage I or II) and without any distortion of the superior sacral plate. There were 10 women and 25 men; the mean age was of 24.6 years (SD 9.6, range 15-42 years).
Owing to the repartition of age being different between the two groups, a second normal population was selected from the first cohort according to the range of age (15-42 years) . This second normal group was similar in terms of age to the group with spondylolysis.
The angular pelvic and spinal parameters were: (Fig. 2) .
The PI: value of the angle between the line perpendicular to the superior plate of S1 at its midpoint and the line connecting this point to the axis of the femoral heads.
The During's angle (DA): it is the complementary angle of the pelvic incidence. This angle was not discussed, being similar to the pelvic incidence.
The sacral slope (SS): value of the angle between the superior plate of S1 and a horizontal line. A vertical sacrum is described by a low value, a horizontal sacrum by a high value.
The pelvic tilting (PT): value of the angle between the vertical and the line connecting the midpoint of the sacral plate to the axis of the femoral heads.
The lumbar lordosis (LL): value of the angle between the upper plate of S1 and the vertebral plate the most tilted backward (in our series always L1 or T12).
The pelvic lordosis or Jackson's angle (PR-S1): value of the angle between the sacral superior plate and the line connecting the posterior point of sacral plate to the femoral heads axis.
The pelvic angle (PA): value of the angle between the vertical and the line connecting the posterior point of sacral plate to the axis of the femoral heads.
The sacral table angle of S1 (STA): value of the angle between the superior plate of S1 and the posterior side of body of the first sacral vertebra.
The sacral inclination (SI): value of the angle between the posterior side of the body of the first sacral vertebra and the vertical.
Femoro-sacral posterior angle: value of the angle between the line connecting the posterior point of sacral superior plate to the axis of the femoral heads and the posterior side of the body of the first sacral vertebra.
The values of the angles were reported in degree. A positive value was posterior, a negative anterior.
The parameters PI, SS, PT ( Fig. 2a) were described by Duval-Beaupe`re for the analysis of the pelvi-spinal sagittal balance [14] ; the parameters PR-S1, PA and SI (Fig. 2b) were the angles expressed by Jackson [8] [9] [10] [11] [12] . The STA was firstly described for the assessment of the sacrum of rabbits and recently used to characterize the deformity of the sacrum in spondylolysis cases [6, 18] .
The comparisons between parameters were performed using the Student's test. The relations between parameters were established through the coefficients of correlation.
Furthermore, seven independent observers achieved the measurements of PI, SS, PR-S1 and FSPA on the lateral radiographs of two subjects: one with a normal sacrum and one with a dome-shaped sacrum.
Moreover, the angle FSPA was measured on radiographs from eight cases of spondylolysis with high-grade listhesis, Meyerling's stage 3 (7 cases) and 4 (1 case). There were four women and four men; the mean age was of 35.2 years (SD=8.7).
Results
The mean values and the standard deviations for the studied parameters are reported in Table 1 : column A for the entire normal population, column B for normal subject selected according to the age, column C for the patients with spondylolysis. We observed mean values for PI, SS, PT and lumbar lordosis similar to the values assessed as 'normal' firstly established by Duval-Beaupe`re and corroborated by several authors [3, 14, [19] [20] [21] . The value for the pelvic incidence was provided as Fig. 2 The studied parameters. The parameters described by Duval-Beaupe`re: pelvic incidence (PI), sacral slope (SS), pelvic tilting (PT), complementary angle of the pelvic incidence, described by During and Itoi (DA), lumbar lordosis (LL). The parameters described by Jackson: pelvic lordosis or Jackson's angle (PR-S1), pelvic angle (PA), sacral inclination (SI), sacral table angle of S1 (STA), femoro-sacral posterior angle (FSPA) The values were compared between normal and spondylolysis groups: between the two normal groups (column D), between the spondylolysis group and (column E) the entire normal group, and (column F) the age-selected normal group NS Not significant *P<0.05; **P<0.01; ***P<0.001 normal between 43°and 62°. The normal range of value for the sacral slope was from )32°to )49°, from 3°to 18°for the pelvic tilting. The same accordance was observed for the lumbar lordosis (52-75°in numerous works) for all that the limits of the measured curvature were identical. The mean value reported by Jackson for pelvic lordosis (the Jackson's angle or PR-S1) was 32°(±9.8). A value for PA was allowed as normal from 0°to 35°. The sacral inclination SI was valued as normal between 40 and 50° [2, [8] [9] [10] [11] [12] . The mean values observed for our normal population were so similar to those published.
The comparisons between the two normal groups and the group with spondylolysis were reported in Table 1 , columns D, E, F. No significant difference was observed between the values of the entire normal group and the group selected according to the age (between 15 and 42 years) (P>0.1). This reflects the homogeneity of this reference normal population.
On the other hand, significant differences were observed between these two populations and the spondylolysis cases, as for the lordosis angle than for the morphological and positional pelvic parameters. These observations for spondylolysis cases, even with low-grade listhesis, confirm the impact of the sagittal pelvi-spinal balance in this pathology.
The values of the parameters measured by seven different observers on the lateral radiographs of a normal and a dome-shaped sacrum are reported in Table 2 . The scattering of the values of PI, SS, PR-S1, described by the standard deviation, was more important when a dome-shaped superior plate of S1 exists. However, the measurement of FSPA was not affected by this distortion. The standard deviations were still 1.2-1.3. It was similar to the scattering of the values of the other parameters measured on the normal radiograph. The reliability of the parameter FSPA was so established identical to the other parameters, even when a distortion of the sacral endplate exists.
The relations between morphological and positional parameter were also analyzed. The significant coefficients of correlation are reported in Table 3 . The chain of close interdependence between the morphological (pelvic incidence, Jackson's angle and FSPA) and the positional pelvic parameters (sacral slope, pelvic tilting, angles SI and PA) was corroborated. The primordial correlation between the pelvic anatomical parameter 'pelvic incidence' and the positional parameter 'sacral slope' was similar to the reported coefficients (r=0.81-0.86) [14, 20, 21] . A similar relation was observed using the 'Jackson's angle PR-S1'.
Similarly, the close relation between the positional pelvic parameters and the lumbar lordosis was significant, although in a lower degree with the pelvic tilting and the angle PA.
We have confirmed the very close relation between the 'sacral slope' and the 'lordosis'. On the other hand, using the 'angle SI' as pelvic positional parameter offers a lower coefficient of correlation with the 'lordosis' than using the 'sacral slope'.
The direct relation with the 'lordosis' was significant both for the 'pelvic incidence' and for the 'Jackson's angle PR-S1'. It is in accord with the published coefficients (of r=0.6-0.69).
The 'pelvic tilting', also expressing the pelvic orientation, was highly correlated to the 'pelvic incidence', The SD reflect the scattering of the values when a dome-shaped sacrum and the lack of precision for PI, SS and PR-S1 in these cases exist. For FSPA the precision was observed identical to the others parameters and still reliable with dome-shaped sacrum similarly to the reported coefficients (0.54-0.66). On the other hand, the direct relation was lower (but still significant) between the 'pelvic tilting' and the 'sacral slope', and between the 'pelvic tilting' and the 'lordosis'. Moreover, the relation between the 'SI' and the 'PA' was not observed significant and poorly significant between the 'lordosis' and the 'PA'. These observations confer less reliability to the utilization of the 'PA' comparatively to the 'pelvic tilting' for the evaluation of the sagittal balance.
In spite of the high relation observed between the 'sacral slope' and 'SI', the comparison of the relations between these angles (SS and SI) and the 'lordosis' showed a better reliability for the 'sacral slope'. Moreover, the relations between the 'SI' and the 'pelvic incidence' and with the 'Jackson's angle PR-S1' were lower than those of the 'sacral slope' with the 'pelvic incidence' and with the 'Jackson's angle'. So the 'sacral slope' seems more reliable to use than 'SI'.
We observed that a relationship between the 'pelvic incidence' and the 'Jackson's angle' was stronger than between the 'FSPA' and the 'pelvic incidence' or the 'Jackson's angle'. It is bound to the use of the upper plate of S1 to assess both the pelvic incidence and the Jackson's angle. Although the coefficients of correlation between FSPA and positional parameters were a bit lower than with PI and PR-S1, they were observed highly significant (P<0.001) with the 'sacral slope', with the 'lordosis', and very more with the 'SI'. Consequently, the use of this angle FSPA for the assessment of the relations between the pelvis and the spine may be regarded as reliable, particularly in case of dome-shaped deformity of the upper sacral endplate when this angle is the only one usable.The correlation's tests were also achieved for the 35 spondylolysis cases. Very significant coefficients were observed between 'pelvic incidence' and the Jackson's angle PR-S1, the 'pelvic incidence' and FSPA, the Jackson's angle and FSPA. The high relationship between the sacral slope and the pelvic incidence or the Jackson's angle was also observed with FSPA, testifying the reliability of the proposed angle.
The value of FSPA observed in the group of eight cases of spondylolysis with high-stage listhesis was 83.4°, SD 7.5. In spite of the low number of cases, this value was observed significantly different from the value observed for the normal group (t=5.023, P<0.001) and for the group of spondylolysis with low-stage listhesis (t=2.257, P<0.05). This represented the disturbance of the growth of the sacrum in this pathology, as to whether this disturbance was the origin of the consequence.
Discussion
The analysis of the sagittal balance of the spine bases one's argument not only on the values of parameters, but also more on the assessment of the pelvi-spinal harmony that is specific to each person. Indeed, modifications of the sagittal spinal curvatures have been connected with changes in pelvic orientation and morphology. The significant chain of interdependence was already investigated for normal and pathologic conditions, particularly for the isthmic spondylolysis. The values and the relationship between anatomical and positional parameters observed for our normal population corroborates the already published data [3, 8, 14, [19] [20] [21] . The normality of our named 'normal' population was thus validated.
Much more, previous research papers have demonstrated the evolution of the pelvic morphology during the childhood. The pelvic incidence of the human fetus was reported comparable to the one observed at the chimp. This angle then quickly increases during the first month after the birth and continues to accent until the age of 10 years. It stays then steady during the adult period. In the same way, the adaptation and the progressive establishment of the sagittal spinal curvatures occur during the childhood [15, 16] .
A significant difference in the sagittal pelvic and sacral morphology was already reported between the normal subjects and those suffering from a spondylolysis [4, 6, 12, 17, 22, 23] . This consists of a sagittal widening of the pelvis, expressed by an increase in the values of the anatomical parameters (PI, Jackson's angle PR-S1, FSPA, STA). From this enlargement emanates an accentuation of the positional pelvic parameters (SS, PT, PA, angle SI) traducing a more tilted sacral plate. Some authors consider an important pelvic incidence as a pejorative factor for the progression of the vertebral listhesis [4, 11, 17] . But others did not observe it as significant [5] . This anatomic alteration permits, however, to suspect a disruption of the growth affecting the first sacral vertebra, leading to a dome-shaped upper sacral plate concomitant to the vertebral listhesis. It looks like epiphyseal injury that produces Blount's disease or slipped capital femoral epiphysis [3, 23] .
A very close correlation was observed between the two anatomical pelvic parameters 'pelvic incidence' and 'Jackson's angle'. As well, the relationships between these two anatomical parameters with the positional pelvic and spinal parameters were in the same line of significance. Both describe well identically the same reality and both refer to the upper plate of S1. Only a variation of the 'sacral table angle (STA) should be susceptible to induce an alteration in the value of 'FSPA' and of the 'Jackson's angle' (in a lesser manner of the 'pelvic incidence') [17] . This STA is indeed the algebraic sum of the 'FSPA' and of the 'Jackson's angle'. STA was reported significantly different according to the existence of a spondylolysis with vertebral slip [6, 23] .
We have also observed such a significant difference between the normal and the spondylolysis group. As well, the interrelationships were significant between STA and the pelvic anatomical parameters (PI, PR-S1 and FSPA) for the entire normal group. But they were observed less significant for the spondylolysis group.
Otherwise, the accuracy of the measurements using the upper sacral plate is greatly dependent on the radiographic definition of its anterior part. When there is a dome-shaped deformity, it becomes rounded, dropping downward and so difficult to locate precisely. This imprecision will affect the accuracy of the angles as the 'sacral slope' or the 'Jackson's angle', using only the short posterior part of the plate. A similar inaccuracy affects the 'pelvic incidence' due to the lack of exact location of the midpoint of the plate. The results of Table 2 expressed this difficulty. The scattering of the values of PI, PR-S1 and SS was important: from 70°to 86°for the PI. On the other hand, the values of the 'FSPA' were constant because the posterior wall of S1 was always precisely perceptible, even in this case of dome-shaped plate. The inaccuracy in the values of the PI and PR-S1 in case of spondylolysis contributes to a certain degree to the contradiction observed in the literature; thus, a predictive value for the progression of the listhesis can be assigned to these parameters. Some authors consider a high value of 'pelvic incidence' as pejorative, other did not observe it as significant. The observation of a value of FSPA significantly different for the cases of spondylolysis with high-stage listhesis confers on this angle, the only one measurable in these cases, a prognostic value. Its clinical interest is the prediction of a pejorative unfavorable evolution of the slip in case of increased value, and so to specify a surgical indication.
Conclusion
The FSPA was demonstrated to be reliable as anatomic sagittal pelvic parameter even in dome-shaped deformity of the sacral endplate, contrary to PI and PR-S1. Even if the coefficients of correlation between FSPA and the positional parameters were lightly lower than with PI or PR-S1, they were observed highly significant. We suggest using this FSPA angle for the assessment of the sagittal pelvic morphology in case of spondylolysis.
